Purpose Occupational exposure of firefighters involves a complex range of potential health threats from toxic chemicals, shift work, extreme heat, physical and emotional strain. The aim of this study is to examine overall and disease-specific mortality among Danish firefighters. Methods Through systematic collection of personnel and membership records from employers and trade unions, past and present male Danish firefighters were identified (n = 11,775). Using the unique Danish personal identification number, information on additional employment, vital status and cause of death was linked to each member of the cohort from the Supplementary Pension Fund Register, the Danish Civil Registration System and the Danish Register of Causes of Death. Standardized mortality ratios (SMRs) were calculated for specific causes of death using rates for two reference groups, a random sample of the male working population (n = 262,168) and the military (n = 396,739), respectively. Results Overall mortality was significantly reduced among the firefighters compared to both the sample of the working population and the military (SMR 0.74, 95% CI 0.69-0.78 and SMR 0.88, 95% CI 0.83-0.93). Further, the SMRs for endocrine diseases, mental disorders, non-traffic related accidents and other external causes were significantly lower against both reference groups. Death from stomach cancer was significantly increased among the full time firefighters, while part time/ volunteer workers shared a significant increase in prostate cancer death compared to both references. Conclusions Despite potential exposure to several occupational hazards, male Danish firefighters have a lower mortality than both the Danish working population in general and Danish military employees.
Introduction
In addition to the apparent imminent dangers arising from the actual encounter with uncontrolled fires, firefighters are intermittently exposed to a wide range of potential health hazards in the form of toxic chemicals, shift work, heat stress, extreme physical exertion and emotional trauma.
Concerns have thus been raised regarding the resulting changes in both acute and chronic morbidity among firefighters and ultimately also their mortality.
Many previous studies on mortality among firefighters around the world have consistently shown either reduced or even all-cause mortality when compared to corresponding background populations (Ahn and Jeong 2015; Amadeo et al. 2015; Daniels et al. 2014; Glass et al. 2016a Glass et al. , b, 2017 Haas et al. 2003; Ide 2014; Ma et al. 2005; Wagner et al. 2006) . However, selection of healthier individuals into employment may bias results when occupational cohorts are measured simply against the general public.
This study, therefore, aims to present a more balanced image of the actual effects of firefighting on multiple aspects of health analyzing specific causes of death using both a random sample of Danish employees and the military as references. In addition, selected exposure parameters such as type and duration of firefighting employment will be evaluated regarding impact on patterns of mortality. The unique
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Danish national employment and health registries provide complete and accurate individual follow-up of all members of both cohort and reference groups (Hansen and Lassen 2011; Helweg-Larsen 2011; Pedersen 2011 ).
Materials and methods

Cohort establishment
The process of data collection and subsequent cohort construction has been described in further detail elsewhere (Petersen et al. 2017) . In brief, firefighting and related assignments fall under municipal management in Denmark allowing, however, for operations to be run either by the individual municipality itself or contracted out to a private or volunteer-based fire brigade. In addition, rescue training and assistance is provided by a governmental emergency agency with regional departments throughout the country. To systematically identify as many both past and present Danish firefighters as possible, all relevant employers, authorities, trade unions and organizations were contacted initially for collection of personnel and membership records. Finally, a search for individuals listing occupation within the field of firefighting was completed through the Danish Civil Registration System (CRS) (Pedersen 2011) .
For each firefighter, detailed information on employment types, periods, places, titles and functions was retrieved along with the unique Danish personal identification number (CPR-number). Since the introduction on April 2nd 1968, this 10-digit code ciphering both gender and date of birth has served as a permanent key to all public administration of Danish residents (Pedersen 2011) . Given the essentialness of this key, 1254 firefighters initially missing a CPR-number were tracked through the CRS using name, birth date, gender and place of employment and for 980 (78%) of them, numbers were subsequently added unambiguously.
The CPR-numbers of all identified firefighters were subsequently used for linkage to records from the Danish Supplementary Pension Fund Register (ATP), which has kept permanent information on all employment on an industry and company type level by wage earners aged 16-66 years working at least 9 h a week since April 1st 1964. For all members of the cohort, periods of firefighting employment were thus validated through this external source.
Gathering all the collected records, a total of 16,860 firefighters with complete CPR-numbers were evaluated for inclusion in the final study cohort. Firefighters represented only by records confined to presently employed personnel or limited by flawed or missing employment information were subsequently eliminated (n = 441 and n = 228). As fire departments often serve diverse purposes in the local communities from performing inspections, preventive work, administrative duties, emergency control center service and ambulance runs, employees with no exposure to actual firefighting activities were also excluded (n = 2968). In addition, firefighters born before April 2nd 1928 and those not at risk during or unavailable to follow-up were excluded (n = 1019, n = 102 and n = 11).
Finally, as the number of firefighting women eligible for analyses was insufficient for maintaining adequate anonymity and achieving acceptable precision in the resulting mortality estimates, they were excluded as well (n = 316).
Reference groups
As firefighters upon recruitment and through subsequent intermittent evaluations face demands for both physical and emotional robustness, comparing them simply to the general population could potentially generate a strong healthy worker effect. Instead, two alternative external reference groups were created subjecting individual occupational data from the Supplementary Pension Fund Register to the same non-employment related criteria as previously applied to the cohort.
First, a random sample of 262,168 male employees of all types was selected only according to year of birth representing the Danish working population. Considering the specific baseline fitness and socioeconomic profile of the firefighters, 396,739 men ever employed by the Danish military were subsequently chosen as the second comparison group.
Vital status and causes of death
Using the CPR-number, complete vital status for the entire follow-up period was linked to all members of the cohort and reference groups from the CRS (Pedersen 2011) .
To obtain information on specific causes of death, the CPR-numbers of the cohort and reference groups were then linked to the Danish Register of Causes of Death. Since 1970, this register has kept individual computerized records of all deaths occurring in Denmark among Danish residents (Helweg-Larsen 2011). In accordance with WHO (World Health Organization) guidelines, both underlying and contributory causes and date of death are registered here. Follow-up for mortality started on the latest of either date of first employment or January 1st 1970 for the cohort. It ended on the first of either date of death, emigration or December 31st 2014. All deaths occurring prior to January 1st 1994 were classified according to the ICD8 system, while events following this point were coded using the ICD10 system (Helweg-Larsen 2011).
Statistical analyses
Initially, cause-specific mortality rates were constructed for both reference groups using 5-year age and calendar time intervals. Subsequently, person time at risk for each firefighter was calculated according to the same exact intervals and the period of follow-up. The expected number of overall and cause-specific deaths was then determined using the mortality rates for both reference groups and, finally, standardized mortality ratios (SMRs) with corresponding 95% confidence intervals were estimated for each outcome as the observed versus expected cases.
Subsequently, results were stratified according to type (full time, part time/volunteer) and duration (< 1, ≥ 1, ≥ 10 and ≥ 20 years) of firefighting employment. In addition, a sensitivity analysis confining follow-up to firefighters born after December 31st 1949 was conducted evaluating potential left truncation in the cohort. With this approach, even the earliest firefighters could reach an age of only 20 years before the beginning of potential follow-up on January 1st 1970.
Statistical analyses were performed using Stata version 14.3 (StataCorp, College Station, TX, USA).
Results
In total, 11,775 male Danish firefighters were included in the study cohort providing 235,526 person years at risk. By December 31st 2014, 90.7% were still alive with residence in Denmark, 8.6% were deceased and 0.7% had emigrated. At the end of follow-up, the mean attained age was 57 years for the full time employees versus 48 years for the part time/ volunteer workers. Table 1 summarizes selected characteristics of the cohort.
With 1017 observed deaths in the cohort, overall mortality was significantly lower among the firefighters compared to both reference groups (Table 2 ). While mortality for the full-time professionals neared expectation, a reduction was especially pronounced among the part time/volunteer workers with all-cause SMRs of 0.57 and 0.69 (95% CIs 0.51-0.64 and 0.62-0.77) versus the sample of employees and military, respectively. Among the individual outcomes, the SMRs for endocrine and nutritional disorders, mental disorders, non-traffic-related accidents and other external causes of death were significantly decreased against both reference groups. In addition, mortality from numerous other causes including diabetes, obstructive lung disease and suicide was significantly reduced using the sample of employees as reference ( Table 2 ). The only outcome showing a significant increase in SMR was congenital malformations of the circulatory system against the military reference (Table 2) . Accounting for 41% of all mortality among the firefighters, malignancies were their leading cause of death. Overall death from cancer remained almost at level with that of both the sample of employees and military (SMR 0.99, 95% CI 0.89-1.09 and SMR 1.05, 95% CI 0.95-1.16). However, a slight excess of cancer deaths was observed for the full time firefighters bordering significance versus the military reference (Table 3) . Death from stomach cancer was especially pronounced among the full time workers (SMR 1.96, 95% CI 1.22-3.16), while the part time/volunteer firefighters in contrast suffered a significant increase in death from prostate cancer (SMR 1.89, 95% CI 1.22-2.93) ( Table 3) . This pattern was similar with the sample of employees as reference (data not shown). Mortality was generally higher among short-term employees working less than 1 year for the majority of outcomes (Table 4) . As exception from this pattern, death from prostate cancer seemed to increase with increasing employment duration among the part time/volunteer firefighters compared to both reference groups. Thus, the SMR for prostate cancer among those working ≥ 20 years reached 2.34 (95% CI 1.43-3.81) compared to the military (data not shown).
Overall, no elevations in SMR were seen for any of the cardiovascular outcomes. However, cardiovascular mortality was for all outcomes higher among the full time firefighters than for the part time/volunteer workers (Table 3) .
Finally, restricting the cohort primarily to incident hires in the sensitivity analysis resulted in even lower mortality scores limiting suspicion of serious left truncation (Online Supplementary Table S1 ).
Discussion
Despite obvious exposure to numerous and diverse occupational hazards, the overall mortality among the firefighters in our cohort is significantly reduced compared to both a sample of the employed Danish population and the military. While previous international studies repeatedly demonstrate lower or even mortality for firefighters weighed against corresponding background populations (Ahn and Jeong 2015; Amadeo et al. 2015; Daniels et al. 2014; Glass et al. 2016a Glass et al. , b, 2017 Haas et al. 2003; Ide 2014; Ma et al. 2005; Wagner et al. 2006 ), we observe a surprisingly similar pattern using selected occupational groups as reference. Thus, specific job-related benefits in the form of mandatory exercise regimes, scheduled regular medical checks and social stability may outweigh or even exceed the effect of potential health hazards in the fire services at least when it comes to settling the final score on loss of life. However, rather than witnessing an actual protective effect of firefighting, another explanation of results may also involve systematic deselection of individuals predisposed to or diagnosed with particular diseases before entering this specific line of occupation. Indeed, our firefighters show remarkable resistance to both mental and endocrine disorders often presenting with symptoms relatively early in life. In considering why this potential healthy hire effect becomes manifest even in comparison to the often drafted military employees, it is notable that this large group is still essentially more heterogeneous than our specified cohort of firefighters.
In addition, selection may not affect the different types of firefighters evenly. As the Danish social security system guarantees all citizens a certain financial sustainability, the active choice of secondary employment is likely based on a positive balance in personal resources. Thus, the distinct very low mortality among part time and volunteer personnel could indicate stronger selection in this group rather than reflecting effects of an actual difference in exposure levels compared to the full time workers.
In addition, Danish part time and volunteer firefighters typically cover assignments in rural zones and are usually required to live within reasonable distance of the local fire departments. Thus, their living conditions may differ substantially from the reality in the larger urban areas, where the full time employees mainly work. Contrasting the lower mortality observed for the majority of outcomes, no reduction in overall cancer death is seen among the firefighters. As fire smoke contains numerous potential carcinogens, an intense focus on cancer among firefighters has resulted in a large body of research on this topic with a final vote on the nature and extent of toxic effects remaining elusive. Thus, the International Agency for Research on Cancer completed a meta-analysis in 2007 reviewing 42 existing studies in this field with a subsequent classification of firefighting as possibly carcinogenic to humans (group 2B) based primarily on increases in nonHodgkin lymphoma, testicular and prostate cancer (IARC 2010) . In our cohort, death from prostate cancer is actually increased among the part time and volunteer firefighters. In this group, prostate cancer mortality also tends to increase with duration of employment suggestive of an exposure-response relationship. However, as the presumably heavier firefighting exposed full time workers present markedly reduced SMRs for all intervals of employment for this outcome, support for a particular occupational association is limited. While a slight excess of cancer deaths is indeed observed among the full time workers in our cohort, the distribution on death from specific types is, thus, not indicative of an actual effect of firefighting.
Although a recent study (Pedersen et al. 2018 ) has revealed a significantly increased incidence of several cardiovascular endpoints among Danish firefighters based on hospitalization data, this is not reflected in our measures of mortality. Especially in recent years, the gap separating incidence and death has widened dramatically for many diseases with earlier diagnoses and improved treatment regimes and the inherent limitation in lacking data on all non-fatal illness with this type of study warrants cautious interpretation of results. Aside from these differences in endpoints, the periods of follow-up and resulting criteria for cohort inclusion also vary between our two studies due to data restrictions in the respective registries. Notably, the pattern of higher mortality among the full time firefighters compared to the part time and volunteer workers is actually reflected in higher cardiovascular morbidity for this group as well (Pedersen et al. 2018) . As previously mentioned, this inequality in health between types of firefighters may, however, be explained by differences in both work and way of life.
As for potential weaknesses in our study, autopsy rates have declined dramatically and the accuracy of diagnostic criteria for many diseases have increased since the dawn of the modern Danish Register of Causes of Death. Thus, changes in classification of outcomes may have occurred during the study period (Helweg-Larsen 2011). In addition, potential confounding risks from differences in lifestyle or exposure in non-firefighting jobs may influence individual outcomes. Though women slowly are becoming a more common sight in the Danish fire services, the number of female firefighters identified in this study is still insufficient for a meaningful analysis of their mortality. The remaining cohort of male firefighters is relatively young generating a limited number of deaths within the period of follow-up.
A major strength of this relatively large cohort study with a maximum of 45 years of follow-up is the ability to present information on a wide range of specific causes of death using several occupational reference groups and thereby minimizing a potential healthy worker effect. Occupational information is validated by multiple sources and only firefighters exposed to actual firefighting activities are included in analyses. Lastly, the use of national registries of high quality and with accurate information on vital status and specific causes of death for both cohort and reference groups is a strength in our study.
Conclusion
In complete accordance with previous findings, firefighting is not associated with any apparent negative effects on mortality in our Danish cohort.
